Among multiresistant Gram-positive microorganisms, stands out methicillin-resistant Staphylococcus (MRS), an opportunistic pathogen associated with hospital acquired and community infections reported in medicine and large increase in reports of veterinary medicine. In veterinary medicine, numerous reports regarding several species of animals have been described. MRS is intrinsically resistant to all β-lactam drugs. In veterinary medicine, numerous reports regarding several species of animals have been described, but Staphylococcus aureus with intermediate resistance and resistant to vancomycin (VISA/ VRSA) has not yet been reported in veterinary medicine, still need further study. Staphylococcus spp. are also related to antimicrobial resistance of macrolides, lincosamides, and streptogramin B (MLSB) group, that has the same mechanism of action, although the drugs belong to different classes. In veterinary medicine, clindamycin (lincosamide class) is widely used for skin infections, wounds, bone infections, pneumonia, infections of the oral cavity, and infections caused by anaerobic bacteria, besides being used for treatments of MRS infections. Enterococcus is another resistant Gram-positive microorganism, from which vancomycin-resistant enterococci (VREs) are the most important strains. There are several reports of VREs in veterinary medicine due the use of a similar antimicrobial (avoparcin) in livestock; therefore this group of microorganisms has now acquired great prominence since vancomycin is considered as the last resort for the treatment of MRS and Enterococcus associated with nosocomial infections in humans. The biggest problem these microorganisms and their resistance mechanisms cause is related to its huge impact on public health due to the increasing close contact between animals and humans. The objective of this review was to identify the main Gram-positive microorganisms associated with animals, describing their mechanisms of action that lead to antimicrobial resistance, as well as their impact on public health through their zoonotic and anthropozoonotic potential. tanto a infecções hospitalares como infecções comunitárias, tendo inúmeros relatos na medicina e um grande aumento de relatos na medicina veterinária, em diversas espécies de animais. MRS são intrinsicamente resistentes a todas as drogas beta-lactâmicas. Os Staphylococcus aureus com resistência intermediária e os resistentes à vancomicina (VISA/VRSA) ainda não foram reportados em animais, porém são necessários estudos mais aprofundados. Os Staphylococcus spp. também estão relacionados com resistência aos antimicrobianos do grupo dos Macrolídeos, Lincosamidas e Streptogramineas B (MLSb), que apesar de serem de classes diferentes, possuem o mesmo mecanismo de ação. Na medicina veterinária, a clindamicina (antimicrobiano da classe da Lincosamida) é amplamente utilizada para tratamentos de infecções de pele, feridas, infecções ósseas, pneumonia, infecção da cavidade oral e infecções causadas por bactérias anaeróbicas, além de ser utilizada em infecções causadas por MRS. Outro gênero de micro-organismos gram positivos resistente é o Enterococcus, sendo os Enterococcus vancomicina resistente (VRE) os de maior importância. Após vários relatos de VRE na medicina veterinária, devido ao grande uso de um antimicrobiano análogo (avoparcina) na produção animal, esse grupo de micro-organismo passou a ter grande destaque, uma vez que a vancomicina é considerada o último recurso para o tratamento de MRS e de Enterococcus associados a infecções hospitalares em humanos, as quais já foram também isoladas cepas resistentes. O maior problema destes microorganismos e seus mecanismos de resistência na medicina veterinária está relacionado ao seu impacto na saúde publica, devido ao contato cada vez mais próximo entre animais e o homem. Com isso, o objetivo dessa revisão foi apontar os principais micro-organismos gram positivos encontrados na medicina veterinária descrevendo seus mecanismos de ação que levam a resistência aos antimicrobianos, assim como o impacto na saúde publica através do seu potencial zoonótico e também antropozoonótico.
Introduction
Antimicrobial resistance is characterized by a set of conditions in which a microorganism can survive even when exposed to a drug having antimicrobial activity. According to the World Health Organization (WHO, 2009) , antibiotic resistance refers to the resistance of a microorganism to an antimicrobial drug, to which it was originally sensitive. Wannmacher (2004) defined multiresistant strains as strains of microorganisms that are able to multiply even after the use of therapeutic doses or higher concentrations of antimicrobials.
The development of resistant strains is a natural phenomenon that occurs when microorganisms are exposed to antimicrobial drugs and is an intrinsic characteristic of the microorganism to ensure its survival in unfavorable environments. In 1941, after the introduction of penicillin in medicine, Abraham and Chain identified the first strains resistant to this drug that produced an enzyme capable of degrading penicillin called penicillinase (UMBER; BENDER, 2009) . With the introduction of new antimicrobial drugs in clinical practice, the emergence of resistant strains was observed. Initially, the rate of development of new drugs by the pharmaceutical industry and antimicrobial use were extremely high, and new drugs were readily released upon detection of resistant strains. However, slowdown in the development of new drugs associated with the emergence of multidrug-resistant strains has brought the clinical microbiology to a critical level, where only few sensitive drugs are available. Slower development of new drugs and the emergence of multidrug resistant strains makes the control and treatment of various infections, especially hospital acquired infections, extremely difficult (SHEA, 2003; FERNANDES, 2006) . Epidemiological knowledge about the main Gram-positive pathogens are well understood. Since the last 2 decades, there has been no change in the concerned species, but the major problem has been the increased antimicrobial resistance developed by these pathogens LIVERMORE, 2009) . In a hospital setting, the most common reported examples of Gram-positive bacteria are Staphylococcus (especially S. aureus) and Enterococcus, as described in Table 1 , but other bacterial genera are also implicated (ÁLVAREZ-LERMA et al., 2007) . There is a wide variation in the pattern of susceptibility of these agents, and this resistance can be extended to multiple antimicrobials (MUÑOZ BELLIDO, 2008) .
To control the spread of resistant bacteria some strategies must be implemented such as the following: education of health professionals (including veterinarians), isolation of infected patients, microbiological cultures for surveillance, use of personal protective equipment (PPE), hand hygiene, disinfecting surfaces, and restrictions on the use of antimicrobials (OLIVEIRA; SILVA, 2008) . In recent times, the relationship between the owners and their pets (mainly dogs, cats, and horses) has changed dramatically. Today, the physical contact between humans and these animals is much closer than before as these pets have gained the status of family members in many homes (BLOUIN, 2008) . Due to this close contact and the indiscriminate use of antimicrobials in both, veterinary medicine and medicine, pets might become a potential source for the diffusion of the resistance to human, and also this might lead to the interspecies transmission of multidrug-resistant bacteria (MOYAERT et al., 2006; UMBER; BENDER, 2009) et al. (2015) In most countries, national monitoring programs of antimicrobial resistance usually do not analyze the data for pets (dogs and cats) (RANTALA et al., 2004) , but recently, interest in the study of antimicrobial resistance in animals has increased due to the emergence of multidrug-resistant bacteria such as methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus pseudintermedius (MRSP) in small animals, as shown by Bordin et al (2015) , where 16 strains of MRS were found in wound samples of small animals.
Thus, this review aimed to discuss the main multiresistant Gram-positive microorganisms found in veterinary medicine, as well as their mechanisms of action and impact on public health.
Methicillin-resistant Staphylococcus (MRS)
In recent decades, the emergence of multidrug resistant microorganisms has been observed, among which MRS, including MRSA and MRSP, are prominent. These lineages though are not commonly reported in animals, except for few reports of MRSP. However, in recent years, there has been an increase in the number of reports of these infections in domestic animals.
Staphylococcal resistance to β-lactam drugs is mainly due to two distinct mechanisms. The first mechanism is the production of extracellular β-lactamase enzyme, encoded by blaZ gene usually plasmid may be chromosomal, characterizing constitutive resistance or regulated by the presence of the drug, using two adjacent genes, blaI, transcriptional repressor of blaZ and blaR1, antirepressor (LOWY, 2003) . The second mechanism is the production of PBP2a or PBP2' (additional penicillin binding protein), a low-affinity penicillin binding protein encoded by the mecA gene (CASTELLANO-GONZALEZ et al., 2009 ). The PBP2a acts as a transpeptidase resuming the functions of cell wall synthesis when the other PBPs are inhibited, ensuring the integrity of the bacterial cell in the presence of β-lactam agents . Hiramatsu (2001) identified the mecR1 gene with repressor activity and the mecI gene with anti-repressor activity on the mecA gene. The expression of mecA gene is constitutive and is induced by β-lactam drugs such as oxacillin and cefoxitin (LOWY, 2003) .
The mecA gene is inserted into the chromosome by a mobile genetic element, called staphylococcal cassette chromosome mec (SCCmec) (ENRIGHT, 2003) . The SCCmec is composed of several essential genetic elements such as, the mec complex comprising the IS431 pathogenicity island, mecA and their mecI and mecR1 regulatory genes, and ccr complex (Cassete Chromossome Recombinases), characterized by the presence of encoding recombinase genes. In all the types of SCCmec, the sequence of mecA gene is highly conserved in Staphylococcus aureus (currently represented by the group CoPS -coagulase-positive staphylococci) and coagulase-negative staphylococcus (CNS) (WELLER, 1999; MA et al., 2002) . There are 13 types and some subtypes of SCCmec gene (DESCLOUX et al., 2008; BLACK et al., 2009; IWG-SCC, 2009 ). Analysis of the presence/ or absence of this gene serves as an indication, and thus helps in choosing the best antimicrobial therapy (FERREIRA et al., 2003) .
Some methods are available for the detection of MRS; these include the traditional methods that are recommended by the Clinical Laboratory Standards Institute (CLSI, 2008) and European Committee and Antimicrobial Susceptibility Testing (EUCAST), such as: a) disk diffusion test with oxacillin and cefoxitin in Mueller Hinton agar (MH); b) Minimum Inhibitory Concentration (MIC), and c) the use of the oxacillin agar screen. A new method for detecting MRS, already accepted by the CLSI is the use of E-test strips, has an advantage of providing the value of MIC directly. Despite the traditional techniques, the most accepted method for detecting MRS is polymerase chain reaction (PCR), a rapid and sensitive method that is considered the "gold standard" and is capable of detecting a single copy of the gene (OLIVEIRA; LENCASTRE, 2002; SCHISSLER et al., 2009) .
MRSA is generally considered as hospital acquired pathogen (HA-MRSA); however, it was first observed in 1990s in healthy patients in the community (VANDENESCH et al., 2003) . The first case of a community associated MRSA (CA-MRSA) was reported in 1993 in Australia in local indigenous populations (UDO et al., 1993) . In 2002, CA-MRSA caught attention in the United States after the outbreaks of skin infections in the athletes of Los Angeles (CDC, 2003) . In Brazil, the first cultures isolated in Porto Alegre city, identified as CA-MRSA, were similar to the clones reported in Australia (RIBEIRO et al., 2005) . Subsequently, a study revealed the presence of similar clones isolated from Rio de Janeiro State, Southeast Brazil (RIBEIRO et al., 2007) .
CA-MRSA strains are responsible for infection in children and young adults, promoting high mortality rates (RIBEIRO et al., 2005) . The difference between community and hospital strains is based on the chromosome cassette. HA-MRSA strains carries SCCmec types I, II and III, while CA-MRSA preferably carry the type IV and V, these are smaller and are devoid of coupled gene of resistance to other antimicrobial drugs, giving susceptibility to CA-MRSA to most non-β-lactam drugs. CA-MRSA has the toxin Panton Valentine leukocidin (PVL), which destroys leukocytes and causes severe tissue damage (LOPES, 2005; VANDENESCH et al., 2003) . In a study conducted in the United States, 98% of CA-MRSA isolates contained the genes encoding PVL (MORAN et al., 2006) . The superior characteristics of CA-MRSA might give them selective advantages over HA-MRSA, since the former has higher growth rates than the latter (VANDENESCH et al., 2003) .
Recent studies have shown MRS colonization usually occurs in pigs, and rarely in cattle and poultry, in several countries, mainly Europe. Molecular characterization revealed that the isolated clones are grouped in the complex 398 (CC398), called livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA). LA-MRSA has been shown with pathogenic to humans and can cause serious infections such as endocarditis and pneumonia (REISCHL et al., 2009; MONACO et al., 2013) .
Since the first report of MRSA in animals by Devriese et al. (1972) , in relation with bovine mastitis in Belgium, the number of infections by this agent has been increasing, especially in Europe, Canada, Australia, and the United States (WEESE, 2005) .
In veterinary medicine, a new species of Staphylococcus was discovered in 2005, especially associated with dermatological diseases such as pyoderma, in postoperative wounds, and otitis (WEESE; GRIFFETH et al., 2008) . This discovery was achieved through molecular analysis of cat, dog, horse, and parrot isolates, and since its phenotypic profile was similar to both S. intermedius and S. delphini (a species found in dolphin by Varaldo and employees in 1988), this species was named Staphylococcus pseudintermedius (DEVRIESE et al., 2005) , and it is often identified as S. aureus or S. intermedius by similar biochemical characteristics, especially coagulase test (SASAKI et al., 2007) . The importance of S. pseudintermedius as a zoonotic agent is less than S. aureus because the infection in human by this agent is highly unusual, even in the individuals having direct contact with animals (WEESE; ).
An international multicenter study was held in Europe and the United States, evaluating the resistance profiles of MRSP identifying multidrugresistant strains tthat are resistant to all the oral antibiotics used for treatment at the clinic of small animals.The antimicrobials to which these samples were susceptible are not authorized for animal use in these countries (PERRETEN et al., 2010) . The MRSP strains that have been isolated contain mecA and various other resistance genes, such as those related to resistance to erythromycin (ermB), tetracycline (tetM and tetK), gentamicin (aac6'-Ie-aph2'-Ia), clindamycin (ermB e InuA), trimethoprim (dfrG), streptomycin (ant6'-Ia), kanamycin (aph3'-III), and chloramphenicol (catpC221), besides the resistance gene for β-lactam drugs (PERRETEN et al., 2010) .
Recently, several studies have identified the presence of the mecA gene in different species of Staphylococcus isolated from animals, including both CoPS and CNS species, as shown in Table 3 . 
S. epidermidis, S. lentus, S. saprophyticus and S. sciuri Chickens S. cohnii, S. fleurettii, S. haemolyticus, S. epidermidis, S. xylosus, S. equorum, S. lentus, S. pasteuri, S. saprophyticus and S. sciuri Pigs

S. lentus, S. sciuri, S. vitulinus, S. auricularis, S. capitis, S. cohnii, S. epidermidis, S. haemolyticus, S. hominis, S. kloosii and S. xylosus Horses
S. haemolyticus, S. sciuri, S. epidermidis and S. warneri Dogs and cats
Source: Adapted from WENDLANDT et al. (2013) .
In 2007, an epidemiological study was performed to study bovine mastitis by usingwith bovine mastitis, milk tank samples were colected in Southwest of England isolated a strain of S. aureus called LGA251, which was phenotypically identified as MRSA (GARCIA-ALVAREZ et al., 2011a) . At the time, this fact was fully significant because it represented the first MRSA detection in dairy cattle from the UK, however, confirmatory tests for mecA gene and PBP2a/20 were repeatedly negative. Therefore, genome sequencing was performed, which revealed that the LGA251 strain carried a homologous mecA gene, with approximately 69% identity with the mecA gene at the DNA level and approximately 63% identity with the PBP2a/20 protein (GARCIA-ALVAREZ et al., 2011b) . Initially, this gene was named mecALGA251; it was located within an SCCmec element known as conventional mecA. It was submitted to the Working Group on the SCCmec rating and named as SCCmec type XI in 2009. In 2012, the mecALGA251 was named mecC (ITO et al., 2012) . Studies performed with stored samples of isolates from UK and Denmark have identified another 65 samples positive for mecC, not only from dairy cattle samples but also from human samples. Among those 65 samples, the oldest isolate was a sample of human blood from 1975. Although mecC has recently been discovered, it might have caused human infections since 35 years (GARCIA-ALVAREZ et al., 2011b) .
Like the conventional MRSA strains, mecC MRSA carriers are also highly versatile pathogens and can cause a variety of infections including several veterinary diseases (CUNY et al., 2011; SABAT et al., 2012; HARRISON et al., 2013; MEDHUS et al., 2013; PATERSON et al., 2012) .
In a study involving 896 S. aureus isolates (mecA MRSA, mecC MRSA, and mec-negative MSSA) which were found to be 88.7% sensitive and 99.5% specific for the resistance profile (CARTWRIGHT et al., 2013) , mecA MRSA was found to be resistant to oxacillin and cefoxitin, though most of the mecC MRSA stains are resistant to cefoxitin, but susceptible to oxacillin. PBP2a encoded by the mecC gene, unlike the homologous mecA-coded, has greater affinity for oxacillin than cefoxitin, leading to higher levels of resistance to cefoxitin than oxacillin (KIM et al., 2012) .
These and other epidemiological data indicate a high rate of transfer of resistance among animal to human bacteria and otherwise, which shows hygienic precautions whenever colonization and infection in animals and veterinarians to limit the spread of this bacterium (BOND; LOEFFLER, 2012).
In veterinary medicine, multidrug-resistant strains of MRSP are a challenge for antimicrobial therapy due to fewer treatment options, leading to the use of modern drugs of human line by the veterinarians, which raises ethical issues (WEESE; . The use of drugs such as vancomycin and linezolid (only treatment for some MRS infections in humans) in animals is questionable, due to the fact that transfer of resistance genes can occur between different strains and species of staphylococci, infecting animals and humans respectively (PERRETEN et al., 2010) .
Staphylococcus aureus with intermediate resistance and resistant to vancomycin (VISA/VRSA)
After the discovery of multidrug-resistant grampositive bacteria, especially MRS, antimicrobial drugs including the glycopeptides, vancomycin and teicoplanin, has been the last alternative for the treatment of these microorganisms for several years (WHO, 2009) . However, in the early 90s, strains of S. aureus resistant to teicoplanin in vivo (failed therapy) have been reported in USA and Europe. In vitro testing of these strains showed susceptibility to vancomycin by MIC (KAATZ et al., 1990; MANQUAT et al., 1992) . In 1997, the first strains of S. aureus with reduced susceptibility to vancomycin (VISA) were isolated in Japan, resulting in significant concern about the future of therapy for staphylococcal infections (HIRAMATSU et al., 1997) .
Other isolates of S. aureus showed heterogeneous resistance to vancomycin (hVISA), with MIC to vancomycin within the likely range. However, when detailed tests with higher inoculum or a prolonged incubation were tested, subpopulations with MIC higher with vancomycin-resistance were detected (HIRAMATSU, 2001 ). These findings aggravated concern regarding the vancomycinresistance in staphylococci, leading to the isolation and characterization of VISA and hVISA in many countries around the world (HOWDEN et al., 2010) . There were also made retrospective analysis of samples, detecting several strains of VISA and hVISA, isolated initially before the permission of use of vancomycin (ROBERT et al., 2006; RYBAK et al., 2005; YAMAKAWA et al., 2012) .
Most of the hVISA and VISA strains are reported in HA-MRSA strains instead of CA-MRSA strains since greater selection pressure is present in the hospital environment. However, VISA has also been rarely reported, in specimens of methicillinsusceptible Staphylococcus aureus (MSSA) (PILLAI et al., 2009) , and CA-MRSA (GARDETE et al., 2012) .
According to Sousa (2006) , strains of Staphylococcus that are resistant to vancomycin, are generally resistant to teicoplanin as well; however, the opposite is not true. Authors described some strains of S. epidermidis and S. haemolyticus resistant to teicoplanin, but susceptible to vancomycin.
In Michigan, USA, the first sample of S. aureus resistant to vancomycin, was isolated in a dialysis patient (CHANG et al., 2003) . This strain was the first to show the vanA gene (gene that causes resistance to vancomycin and teicoplanin in Enterococcus faecalis) (SOUSA, 2006) . The origin of this strain can be explained by the conjugal transfer of this gene from Enterococcus to Staphylococcus (WEESE, 2005) . Melo-Cristino et al. (2013) reported the first case of human infection by VRSA in Portugal, Europe.
According to CLSI, the MIC or agar screen test described for VRE should be performed to detect VISA and VRSA strains. These strains are not detected by disk diffusion tests even with 24 hours of incubation.
For the multiplication of Gram-positive bacteria in an environment where the external osmotic pressure is less than bacterial cell, bacteria need to synthesize a strong extracellular structure to prevent their rupture. This structure, called peptidoglycan is synthesized inside the cell (murein monomer) and then gets transferred to the outside. As β-lactams, glycopeptides exert their function by inhibiting the synthesis of bacterial cell walls by binding to the terminal D-alanyl-D-alanine of precursor units of the cell wall with high affinity (HIRAMATSU, 2001) . The thickening of cell wall is considered as a pre-requisite for resistance to vancomycin (CUI et al., 2003; HIRAMATSU, 2001) , however, decrease of peptidoglycan and an increase of the free residues of D-alanyl-D-alanine, can cause an increased resistance to vancomycin (CUI et al., 2000; REIPERT et al., 2003) . The vanA-positive strains have the ability to produce a different D-alanyl-Dalanine ligase, which leads to the modification of the side chains of peptidoglycans, showing lower affinity for this group of antibiotics (FLUIT et al., 2001 ).
In veterinary medicine, studies about the glycopeptides-resistance have been limited due to their limited use, (MONCHIQUE, 2013 According to Kirst et al. (1998) , avoparcin, an antimicrobial drug of the glycopeptide class, was widely used as a growth promoter in the livestock, thus making it a possible source for resistant organisms and disseminators of this class of antimicrobials, especially in farm animals.
Resistance to macrolides, lincosamides, and streptogramin B (MLSB) group in Staphylococcus spp.
Macrolides
(streptomycin), lincosamides (clindamycin), and streptogramin B (quinupristin / dalfopristin) form the MLSB group of antibiotics because despite having different chemical formulas, they have the same mechanism of action, i.e., they inhibit protein synthesis by binding to the rRNA 23S receptor, part of 50S subunit of the bacterial ribosome (LECLERCQ, 2002; ROSSI; ANDREAZZI, 2005) .
Resistance to MLSB group can occur in two ways: first by active efflux, encoded by the msrA gene and second through the methylation of the bacterial ribosome target site, encoded by erm genes (LECLERCQ, 2002) . This second mechanism might be manifested in two ways: a constitutive form, when there is constant methylase production and the resistance phenotype is shown throughout the MLSB group; or an induced form, when the methylase is produced only in the presence of the inducer (STEWARD et al., 2005) . In the induced form, resistance phenotype involves the erm A, B or C genes, which are carried by the Tn554 transposon (MCDOUGAL et al., 2003) . Two other genes have been described in the individual animal's isolates, the mphC (macrolide C-phosphotransferase) from dogs and cats (LÜTHJE; , and lnuA (nucleotide lincosamide transferase) from the subclinical mastitis in cattle (LOEZA-LARA et al., 2004) .
In veterinary medicine, clindamycin is widely used for the treatment of wide variety of infections Fiebelkorn et al. (2003) mentioned its use for the treatment of infections caused by Staphylococcus, especially MRSA. In South Korea, Kim et al. (2004) investigated the MLSB-resistance in S. aureus, noting that 97% of MRSA strains were resistant to at least one of the drugs of this group, but all isolates studied were susceptible to quinupristin/dalfopristin. Similar data were found by Bordin et al. (2015) , where 94% of the MRS at the Veterinary Hospital, in Brazil, were found resistant to at least one of the drugs tested (erythromycin and clindamycin).
Epidemiologically, cross-resistance among these three classes of antimicrobial agents is very important (DIPERSIO; DIPERSIO, 2005) , since the macrolides and lincosamides are widely used in veterinary medicine, leading to increased resistance in bacterial strains of animal origin (WANG et al., 2008; JAGLIC et al., 2012) . Nawaz et al. (2000) and De Leener et al. (2004) reported the possible transmission of resistance genes of animals to humans, through the food chain.
The conventional disk diffusion test might give false results when detecting the induced resistance to MLSB, showing in vitro resistance to erythromycin, and false susceptibility to clindamycin (FIEBELKORN et al., 2003; WEISBLUM, 2005) . The CLSI developed a phenotypic method for detection of induced resistance, named double disc diffusion test or D-Test where disks of clindamycin (2 mg) and erythromycin (15 μg) are arranged beside each other at a distance of 15-25 mm. Clindamycin resistance is detected by the appearance of an inhibition zone in the form of "D".
In MRSA isolates from humans and animals, clindamycin induced resistance is well documented and there has been some reports of this type of resistance in MRSP strains (RICH et al., 2005; FAIRES et al., 2009; PERRETEN et al., 2010; RUBIN et al., 2011) . It is well known that the antimicrobial pressure leads to the selection of bacteria which are resistant to MLSB group, but the horizontal transfer of resistance genes is also well elucidated (MARTEL et al., 2003; . PATTERSON et al., 2007) .
Vancomycin-Resistant Enterococcus spp. (VRE)
Enterococci were first described in 1899 by Thiercelin, and until the year 1984, they were grouped under the Streptococcus genus (SCHLEIFER; KILPPER, 1984) . Today, 40 different species have been described, and the most common ones found in humans are E. faecalis and E. faecium, whereas in animals, in addition to these two species, E. cecorum and E. hirae are also highlighted (DEVRIESE et al., 1991; KLEIN, 2003) . Enterococci colonize the gastrointestinal tract of both humans and animals (SHEPARD; GILMORE, 2002), and can survive for months in this environment, even under adverse conditions (KRAMER et al., 2006) . Currently, enterococci are considered as an important opportunistic pathogen, especially in hospital acquired infections, usually associated with wound infections, urinary tract infections, and endocarditis (FISHER; PHILLIPS, 2009), and is considered as the third most prevalent nosocomial pathogen, worldwide (ECDC, 2011) . They are intrinsically resistant to commonly used antibiotics, including cephalosporins, and some aminoglycosides (SHEPARD; GILMORE, 2002) . In addition to acquiring resistance to penicillin / ampicillin, high-level of aminoglycoside and glycopeptide, limiting the therapeutic practice (SOOD et al., 2008) .
Vancomycin is an important antibiotic in the treatment of enterococcal infections, but the efficiency of this antibiotic has been limited by the appearance of VRE strains especially in the presence of vanA gene, thus becoming one of the most important bacteria, clinically resistant to several antimicrobial agents present worldwide (EISNER et al., 2005; FUJITA et al., 1998) . There are few therapeutic agents capable of treating enterococcal infections, including quinupristin/dalfopristin, linezolid, tigecycline, and daptomycin, and these are only used in certain situations, and yet resistant to these drugs have also been described (WERNER et al., 2002 (WERNER et al., , 2008a ARIAS et al., 2011) .
The vanA gene that confers resistance to vancomycin, was first detected in Europe in the strains of E. faecium and E. faecalis, in 1986 (LECLERCQ et al., 1988; UTTLEY et al., 1989) . Subsequently it was also detected in the strains of E. durans, E. hirae, E. gallinarum, E. casseliflavus, E. raffinosus, E. avium, E. mundtii (WERNER et al., 2008a) , and E. cecorum in samples from birds (HARADA et al., 2012) . So far, nine different variants have been described for vancomycinresistance in enterococci, consisting of van A, B, C, D, E, G, L, M, and N genes (COURVALIN, 2006; BOYD et al., 2008; XU et al., 2010; LEBRETON et al., 2011) , where van A, B, and C types are the most common types (WERNER et al., 2008b; FISHER; PHILLIPS, 2009) . Another variant (vanF) with high similarity in the amino acid sequence to vanA has been described, but only in Pàenibacillus popilliae, and it has been suggested as a possible source of resistance to vancomycin in enterococci (PATEL et al., 2000) .
Before 1975 avoparcin, an analogue of vancomycin, was used as a growth promoter and a prophylactic agent in the feed of farmed animals (KLARE et al., 1999; JUNG et al., 2007) , mainly chickens, and pigs, and also used in turkeys, calves and, other animals to a lesser extent, in Europe, Asia, and Oceania (HAMMERUM et al., 2010) . Avoparcin was used to such an extent that, in 1994 in Denmark, 24 kg of vancomycin was used in human medicine, whereas around 24.000 kg of avoparcin was used in the treatment of animal infections (WEGENER, 1998) . A similar incident occurred in Australia, where less than 600 kg of vancomycin was used whereas more than 62.000 kg avoparcin was imported (WITTE, 1998) . In the United States and Canada, avoparcin has never been approved for use in animals (MCDONALD et al., 1997) .
Thus, the use of avoparcin started being associated with the appearance of VRE in livestock, since avoparcin confers cross-resistance to vancomycin (BAGER et al., 1997; BORGEN et al., 2000; CHAN et al., 2008) . E. faecium vanA gene carriers became common in the intestinal microbiota of farm animals across Europe in the 1990s (KLARE et al., 1995) , but this did not happen in the United States and Canada, owing to the possible ban on avoparcin. The first VRE isolate obtained from farm animals in USA was only obtained in (DONABEDIAN et al., 2010 , pointing to other media selection, introduction and spread of vanA-VRE in this site (GORDONCILLO et al., 2013) .
Once the connection between avoparcin and VRE was established, the use of antimicrobial was banned in Denmark, in 1995, and in Germany and throughout Europe by 1997, with the institution of Directive 97/6/EC (ANONYMOUS, 1997; KIRST et al., 1998; AARESTRUP et al., 2000) . Even after the ban on the use of avoparcin, thus reducing the selective pressure exerted by this growth promoter, resistant enterococci strains continued to be found (JOHNSEN et al., 2009 ), a fact corroborated by the study of Harada et al. (2010) , who isolated strains of vanA-VRE in 8 samples of birds, out of 171 (4.7%), in Japan, even after 11 years of the ban on avoparcin.
Although rare, there is evidence of VRE from animal sources causing infections in humans (LARSEN et al., 2010 (LARSEN et al., , 2011 , a fact proven by Gelsomino et al. (2003) , who isolated strains identical to E. faecalis and E. casseliflavus in milk, cheese, and human stool samples, suggesting a route for cross-resistance. Freitas et al. (2011) confirmed the relation between the hospital strains and VRE associated with pigs.
Whenever enterococci derived from animals colonize the human intestinal microbiota even for a short period of time, without causing any changes, it might be sufficient for the transmission of resistance genes to develop adapted strains (LESTER et al., 2006) , and it might also spread among humans, thus showing a great zoonotic potential of certain resistance genes, such as vanA gene of VRE, where the livestock can be considered as a potential reservoir of resistance (WITTE, 2000) .
The vanA gene is often transferred by a transposon, a genetic element that can be incorporated into both, a bacterial plasmid or chromosomal DNA and the main transposon involved is the Tn1546 (COURVALIN, 2006) . This transfer can occur from animal bacterial to human bacteria, as described by Jensen (1988) , that shown specific embodiments of Tn1546 in broilers and pigs and also in healthy humans.
In the US, a report conducted by the CDC's National Healthcare Safety Network showed that Enterococcus is the second, most common pathogen in North American hospitals (HIDRON et al., 2008) due to the widespread use of vancomycin, and extended-spectrum cephalosporins without control, over the past 20 years (KIRST et al., 1998) . In 1996, the first human isolate was found in Curitiba (Brazil), when a vanD-VRE strain was initially identified and, a year later, similar strain (vanA-VRE) was isolated in São Paulo (DALLA et al., 1998; ZANELLA et al., 2003) . Later, such strains were detected in hospitals in several cities around the country, such as Marilia, Campinas, Rio de Janeiro, Uberlândia, and Porto Alegre (D' AZEVEDO et al., 2000; CAMARGO et al., 2006; PALAZZO et al., 2011) .
Transmission of the vancomycin-resistance gene from animals bacteria to humans bacteria and the ease with which organisms from the Enterococcus genus acquire resistance and spread it among bacteria of the same genus, and even to other bacterial species (as seen for the vanA gene found in MRSA strains), have already been well elucidated. Therefore, VRE need to be monitored constantly in order to prevent nosocomial infections and risk to public health.
Conclusion
With the indiscriminate use of antimicrobial drugs in veterinary medicine, the number of multiresistant isolates is increasing. The emergence of multidrug-resistant strains is a reality and must not be ignored by health professionals, including veterinarians, as these resistance genes can be transmitted between bacteria from animal species to the microbiota of humans, posing a huge problem for public health.
The bacterial resistance profile has varied over the years and in the different regions, thus its monitoring should be constant, and should not be ignored by both clinical veterinary professionals like surgeons. The prudent choice of an adopted antimicrobial therapy can reduce the indiscriminate use of antibiotics and consequently the development of bacterial resistance, especially in hospital settings.
Despite these variations of the resistance profile, multidrug-resistant microorganisms are the main Gram-positive bacteria, especially MRSA, which was initially considered as a hospital pathogen, but now is spread in the community as well. If the use of antimicrobials will not be controlled, this resistance will only increase and spread. The ease with which these microorganisms acquire resistance is so high, that as new drugs are being produced, strains resistant to them are already being observed. Therefore, not only the medical and veterinary doctors, but also all the health professionals, and even the community should be made aware of this problem, because these "superbugs" are no longer only a hospital problem, but rather a public health problem. Animal Practice, Oxford, v. 53, n. 3, p. 147-154, 2012 Washington, v. 49, n. 3, p. 925-931, 2011. FUJITA, N.; YOSHIMURA, M.; KOMORI, T.; TANIMOTO, K.; IKE, Y. First report of the isolation of high-level vancomycin-resistant Enterococcus faecium from a patient in Japan. Antimicrobial Agents and Chemotherapy, Washington, v. 42, n. 8, p. 2150, 1998 . Diseases, New York, v. 11, n. 8, p. 595-603, 2011b .
GARCIA-ALVAREZ, L.; WEBB, C. R.; HOLMES, M. A. A novel field-based approach to validate the use of network models for disease spread between dairy herds. Epidemiology and Infection, Cambridge, v. 139, n. 12, p. 1863 Cambridge, v. 139, n. 12, p. -1874 Cambridge, v. 139, n. 12, p. , 2011a . Amsterdan, v. 153, n. 3, p. 372-377, 2012. 
